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1. Introduction 
The process of cancer cell metastasis is one of the latest steps in cancer progression that 
involves escape from the primary tumor through the vascular system to local lymph nodes 
and distant organs, recently reviewed by Chaffer and Weinberg (Chaffer & Weinberg,  
2011). For a cancer cell to metastasize, it must escape the primary tumor by obtaining 
features that allows detachment from neoplastic epithelial structure, invasion through 
extracellular matrices, intravasation, survival in the blood circulation, extravasation, 
establishment or homing in a novel organ and local de novo proliferation. Colorectal cancers 
(CRC) comprise different subtypes and vary in the degree of differentiation as well as in the 
local invasion pattern in the tumor periphery. The invasion pattern is partly related to the 
metastatic ability of the tumor, and the invasion pattern can be fully discerned by 
microscopy analysis. Molecular characteristics related to the invasion pattern may help in 
the histopathological diagnosis to provide a prognostic perspective for the patient and 
potentially identify which patient would benefit from a certain therapy. For CRC, an 
invasion pattern related to the ability of cancer cells to form buds and focal single cell 
invasion into the neighboring stroma has obtained much attention. The invasive cancer cells 
are known as budding cancer cells and the budding phenomenon describes a morphological 
event, which is becoming better characterized at the molecular level. In this chapter, I will 
go through some of the molecular characteristics linked to the budding cancer cells and link 
the observations to the morphologic and molecular changes related to epithelial-to-
mesenchymal transition (EMT) often assigned to locally disseminating cancer cells.  
1.1 Identification of budding colorectal cancer cells 
Two types of metastatic processes can be considered: active and passive. Passive metastasis 
occurs when cancer cells enter the vascular system, for example by being captured by 
disrupted vessels in the tumors, and subsequently being trapped in microvessels for 
example in the liver or lung, where the cancer cells initially proliferate within the vessel and 
later on disseminate into the parenchyma of the organ. Active metastasis is considered to 
involve a certain level of EMT in the primary tumor followed by invasion into the vascular 
system, extravasation by crossing the vascular wall and invasion into the new organ, and 
then reverting to an epithelial cancer cell capable of de novo proliferation and differentiation 
to form new tumors.  
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Budding cancer cells likely belong to the category of active metastasis process because their 
prevalence is directly linked to metastasis and is independent of the TNM classification 
(Nakamura et al, 2005; Okuyama et al, 2003; Prall et al, 2005; Ueno et al, 2002). Japanese 
histopathologists have many years tradition for evaluating growth and invasion patterns in 
CRC including addressing the clinical implications (Fujimori et al, 2009). A clinical 
significance of budding cancer cells was first described in colon cancers in 1993 by Hase et al 
(Hase et al, 1993). Hase et al (Hase et al, 1993) defined the budding cancer cells as “small 
clusters of undifferentiated cancer cells located ahead of the invasive front of the lesion”.  
Hase et al (Hase et al, 1993) evaluated the degree of budding cancer cells in normal 
hematoxylin and eosin (H&E) stained sections, an approach being widely used by others 
(Nakamura et al, 2005; Okuyama et al, 2003; Ueno et al, 2002). Because the budding cancer 
cells are often present in a dense desmoplastic or highly inflamed stroma and because 
budding cancer cells can acquire morphologically odd shapes (see below), a precise 
identification of budding cancer cells in H&E stained sections may not always be straight 
forward (Turner et al, 2007) at least for non-pathologists. Later studies have employed 
cytokeratin immunohistochemistry whereby budding cancer cells are much easier identified 
(Prall, 2007; Prall et al, 2005; Turner et al, 2007; Zlobec et al, 2010). The use of cytokeratin 
immunohistochemistry to detect cancer cell budding versus evaluation in H&E stained 
sections may lower the proportion of misclassified cases.  
The prevalence of tumor cell budding varies strongly from tumor to tumor and Hase et al 
(Hase et al, 1993) stratified tumors into BD-1 (none or mild) and BD-2 (moderate or severe) 
based on the H&E stained sections. Prall et al (Prall et al, 2005) stratified tumors into low 
and high budding based on sections immunohistochemically stained for cytokeratins and 
counted all cytokeratin-positive cancer cell clusters with less than 5 nuclei. Hase et al (Hase 
et al, 1993) classified approximately 25% of all CRC analyzed as BD-2 and Prall et al  (Prall et 
al, 2005) classified approximately 30% as high level budding. 
Cancer cell budding as it is observed in colon and rectal adenocarcinomas should not be 
confused with the diffuse growth pattern, which is common in other gastrointestinal cancers 
and in contrast to tumors with a solid (or expanding) growth pattern. CRC showing a 
diffuse growth pattern are low differentiated neoplasms and do not show signs of tubular or 
glandular formations. Therefore quantitative estimation of cancer cell budding even done 
using cytokeratin immunohistochemistry should be done with some caution.  
The degree of cancer cell budding as stratified into groups with none, mild, moderate and 
strong budding, or less or more than 5 cells in a cluster, indicate that cancer cell budding is 
not an “all or none” phenomenon, but reflects gradual differences. Nonetheless, both studies 
(Hase et al, 1993; Prall et al, 2005) showed that tumors with the highest level of budding 
significantly more often linked to lymph node metastasis than tumors with a low level of 
budding. The highest level of budding was, not surprisingly, seen in patients with the 
poorest survival rate, however, cancer biology reflects individual heterogeneity and in fact, 
some tumors with low budding also show metastatic events (Hase et al, 1993; Prall et al, 
2005; Tanaka et al, 2003; Ueno et al, 2002).  
1.2 Histo-morphological characterization 
One of the morphological features of the budding cancer cells in CRC is their characteristics 
of dedifferentiation and acquisition of odd shapes as described at the ultra-structural level 
by Gabbert et al in 1985 (Gabbert et al, 1985).  These authors studied DMH-induced colon 
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cancers in rats and found that poorly differentiated tumors, which showed frequency of 
lymph vessel invasion, also had isolated cancer cells along the invasive front. Gabbert et al 
(Gabbert et al, 1985) states about the cancer cells located ahead of the invasive front that 
“Their nuclei are very large and at their cell surface show no signs of differentiation such as 
formation of microvilli or formation of a basement membrane are discernible.” Thus the 
cellular characteristics of isolated cancer cells suggested general dedifferentiation compared 
to the cancer cells placed within the adjacent glandular structures.  In addition, the isolated 
cancer cells at the invasive front showed overt cell shape: “The cell shape of more or less 
isolated tumor cells at the foremost invasion front is extremely variable … ranging from a 
round or oval to a sand glass-like.” These observations are consistent with the budding 
cancer cells in human CRC identified both in H&E stained sections as well as cytokeratin 
immuno-peroxidase stained sections, see for example the studies by Prall and Turner et al 
(Prall, 2007; Prall et al, 2005; Turner et al, 2007). According to the histological characteristitcs 
of the budding CRC cells at the invasive front, the stepwise process of budding-directed 
growth can be divided into the following steps 1) the budding cancer cells detach from the 
glandular structures, 2) morphologically change cell shape and 3) invade a short distance, 
say up to 400µm, through the adjacent tumor-associated stroma and 4) settle and 5) found 
novel glandular structures. Budding CRC cells are rarely seen in the central areas of the 
tumors, suggesting that the local environment, the stroma constituting the tumor periphery, 
is dictating the budding process together with the cancer cells. Interestingly, the 
morphological characteristics of dedifferentiation and dynamic change in cell shape are 
consistent with characteristics of cells undergoing EMT as described for cultured cells  
(Kirkland, 2009; Thuault et al, 2006).  
Together with the findings that the prevalence of budding cancer cells is linked to more 
metastatic cancers, strongly suggests that the budding cancer cells also possess cancer stem 
cell activity. Thus the budding CRC cells possess all canonical requirements for actively 
metastasizing cancer cells, including the abilities to undergo EMT and the ability of self-
renewal. The stepwise process of the budding cancer cell requires significant molecular 
changes of the cell: for detachment from neoplastic epithelium, dedifferentiation, EMT, cell 
migration and invasion, and progenitor activity for de novo proliferation. Considering that 
budding CRC cells undergo such a dramatic transient program, probably within a relatively 
short time frame, the budding CRC cells as an entire cell population constitute a 
heterogeneous group of cancer cells that possess a strongly modulating molecular profile. In 
the following I will go through some of the molecular characteristics reported for the 
budding CRC cells, first cell surface associated proteins and thereafter intracellular 
molecules. The molecular characteristics involve proteins that participate in regulating 
differentiation, transcription, translation, cell migration, cell-cell interactions, and adhesion.  
2. Laminin-2 (Ln-2)  
The mRNA encoding the Ln-2 chain is the first described molecular marker of the budding 
CRC cells (Pyke et al, 1994). Pyke et al (Pyke et al, 1994) found Ln-2 mRNA positive cancer 
cells in all of 16 colon cancers varying in the presence of positive cells. In a later report, Pyke 
et al (Pyke et al, 1995) confirmed that the mRNA expression observed in budding colon 
cancer cells is followed by protein expression in the same cells using a Ln-2 specific 
antibody.  Sordat et al (Sordat et al, 1998) reported similar observations in colon cancers 
using other Ln-2 antibody preparations. Laminins are a group of extracellular 
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glycoproteins being important constituents of basement membrane. They are heterotrimers 
composed of ,  and  chains of which there are 5, 4 and 3 isoforms, respectively. The 
currently used systematic nomenclature defines the composition of a laminin heterotrimers 
(Aumailley et al, 2005), for example laminin-111 is composed of 1, 1 and 1 chains and has 
replaced the earlier used name laminin-1, the most predominant laminin in basement 
membrane.  
The Ln-2 chain is only present in the laminin-332 variant, previously known as laminin-5 
(Guess & Quaranta, 2009). Laminin-332 links the basement membrane via integrins to 
hemidesmosomes and thereby stabilizes the polarized positioning of epithelial cell to the 
basement membrane. Laminins are generally secreted from cells as fully composed 
heterotrimers, Ln-2 being the only exception (Guess & Quaranta, 2009). Ln-2 can be 
secreted as monomer or in complex with the Ln-3 chain (Guess & Quaranta, 2009) and may 
have an important significance during budding in CRC (Guess et al, 2009). Pyke et al (Pyke 
et al, 1995) found Ln-2 within the cytoplasm of the budding colon cancer cells and only in 
rare cases observed basement membrane associated Ln-2 immunoreactivity. Sordat et al 
(Sordat et al, 1998) in contrast found prominent Ln-2 immunoreactivity both in the 
cytoplasm of budding CRC cells and in basement membrane along differentiated tumor cell 
islands. Today, several monoclonal antibodies against Ln-2 are commercially available, 
some recognize both cytoplasmic and basement membrane associated Ln-2, and others are 
specific for the cytoplasmic precursor form (Hansen et al, 2008; Lindberg et al, 2006). Using 
Ln-2 as marker for budding CRC cells, the antibody employed should therefore be chosen 
with some consideration.  
An interesting finding reported by Sordat et al (Sordat et al, 1998), is that budding cancer 
cells in addition to express Ln-2 also express the Ln-3 chain, but only at a low level 
express the Ln-3 chain. These observations suggest that the secreted Ln-2 monomer and 
Ln-3-2 heterodimer may not function by direct integration into the basement membrane. 
Other functions have in contrast been found for the secreted Ln-2 and Ln-3 chains. Cell 
surface directed proteolyic activity performed by matrix metalloproteinase (MMP)-2 
(Giannelli et al, 1997) and membrane type-1 (MT1)-MMP (Koshikawa et al, 2000) generates 
fragments of the Ln-2 chain constituting epithelial growth factor (EGF)-like domains that 
stimulates cell motility. In addition, a cleavage product of Ln-3 chain generated by MT1-
MMP promotes cell migration (Udayakumar et al, 2003). The observations taken together 
suggest that Ln-2 and Ln-3 chains are contributing to the migratory processes of the 
budding CRC cells.  
In clinical studies, the level of tumor budding in CRC correlated with the level of Ln-2 
positive budding cells (Shinto et al, 2005). Shinto et al (Shinto et al, 2005) also reported that 
high-grade Ln-2 expression was an independent prognostic indicator, and Aoki et al (Aoki 
et al, 2002) reported a significant association with synchronous liver metastases. Today, Ln-
2 expression is considered a strong and potentially clinically applicable prognostic marker 
that reflects the level of cancer cell budding not only in CRC but also in other cancer types 
including bladder, esophageal and oral cancer (Guess & Quaranta, 2009). 
3. Urokinase Plasminogen Activator Receptor (uPAR)  
uPAR (CD87) is a 3-domain highly glycosylated, glycolipid anchored protein. uPAR is a 
specific high affinity binding receptor for (pro-)uPA, but also binds a number of other 
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proteins in the extracellular matrix, in particular vitronectin (Eden et al, 2011; Gardsvoll & 
Ploug, 2007). The glycosyl-phosphatidylinositol (GPI) moiety of uPAR attaches the protein 
to the outer lipid layer of the cell membrane and allows uPAR to move laterally on cell 
surfaces and hence rapidly concentrate at focal sites where it mediates its uPA-directed 
activity and its interaction with vitronectin to the extracellular matrix. Active plasmin is 
generated from circulating plasminogen on the cell surfaces by a cascade mechanism 
involving plasmin-mediated conversion of pro-uPA to active uPA. uPA directed 
plasminogen activation is strongly enhanced after binding of uPA to uPAR on the cell 
surface (Ploug, 2003; Romer et al, 2004).  
The active plasmin enzymatically cleaves or degrades fibrin and fibronectin deposited in the 
extracellular matrix (ECM), laminins, including the Ln-3 chain (Goldfinger et al, 1998), 
L1CAM described below (Mechtersheimer et al, 2001), and activates other matrix degrading 
protease including MMPs. Through activation of pro-MMPs, MMP-3 (stromelysin-1), MMP-
9 (gelatinase-B), MMP-13 (collagenase-3) and MMP-2 (Hald et al, 2011; Juncker-Jensen & 
Lund, 2011; Monea et al, 2002; Suzuki et al, 2007), plasmin may also mediate degradation of 
other ECM components including fibrillar collagens. In addition, plasmin activates growth 
factors like TGF- (Odekon et al, 1994). Active TGF- can transform fibroblasts into 
myofibroblasts (Ronnov-Jessen & Petersen, 1993) and initiate the EMT process in mammary 
epithelial cells  (Fuxe et al, 2010; Thuault et al, 2006). Thus acceleration of the plasminogen 
activation cascade pathway may elevate the pericellular proteolytic activity and cause 
dramatic changes in cellular phenotypes.  
uPAR was described in budding CRC cells first time in 1994 identified both at the mRNA 
and protein level (Pyke et al, 1995). Direct comparison with Ln-2 expression indicated a 
strong overlap with Ln-2 mRNA (Pyke et al, 1995). Later studies have shown co-expression 
of uPAR and Ln-2 in double immunofluorescence analyses in budding CRC cells (Illemann 
et al, 2009). uPAR is highly expressed at the invasive front of most CRC not only in budding 
cancer cells, but also in the complex stromal environment constituting inflammatory cells 
and myofibroblasts. Activated macrophages located at the invasive front of CRC express 
high levels of uPAR on the cell surface, hampering an easy discrimination between uPAR-
positive budding cancer cells and macrophages. Therefore, to unambiguously identify 
uPAR-positive budding CRC cells, combining antibodies against uPAR and the epithelial 
marker cytokeratin (or Ln-2) in a double immunofluorescence analysis, would be necessary 
(Illemann et al, 2009; Romer et al, 2004). uPA mRNA is also expressed in the budding CRC 
cells (Illemann et al, 2009) indicating that uPAR may function directly through mediation of 
uPA-directed activities.  
In normal colon tissue, uPAR is expressed in a group of differentiated epithelial cells located 
at the luminal edge of the villi. It has been suggested that uPAR on these cells serve to 
promote detachment of terminally differentiated colonocytes to be shedded into the colon 
lumen (Pyke et al, 1994). One may speculate that detachment of budding CRC cells from the 
main neoplastic glandular structures may mimic the shedding of terminally differentiated 
cells. In the case of cancer invasion the cancer cells are shed into the tumor stroma. 
However, this hypothesis does not corroborate with the fact that budding CRC cells show 
characteristics of dedifferentiation. Nevertheless, this is an interesting interpretation and the 
invasion of budding CRC cells remain an abnormal process. 
Tissue extracts from colon cancers contain highly elevated levels of uPAR compared to the 
normal tissue, and the high uPAR levels are associated with adverse outcome. uPAR levels 
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were found to constitute an independent prognostic parameter, importantly being 
independent of progression stage (Ganesh et al, 1994). A soluble form of uPAR, generated 
after enzymatic cleavage by uPA or plasmin (Hoyer-Hansen et al, 1997), can be measured in 
blood, and studies of plasma samples from colon cancer patients substantiate the prognostic 
significance of uPAR (Stephens et al, 1999; Thurison et al, 2010). As noted above, several 
different cell types in colon cancers express uPAR, and therefore the prognostic value of 
uPAR cannot be ascribed solely to the uPAR-positive budding CRC cells. However, in 
adenocarcinomas, macrophages are by far the predominant uPAR expressing cell type, and 
therefore most likely account for the elevated levels of uPAR in tumor tissue extracts and in 
the blood from the cancer patients (Illemann et al, 2009; Romer et al, 2004). uPAR expressing 
budding cancer cells may nevertheless also contribute to the malignant stage of CRC.  uPAR 
positive cancer cells likely represent a particular malignant cell population since gastric 
cancer patients with poor prognosis associated with micro-metastatic disease more frequently 
had uPAR positive cancer cells identified in the bone marrow (Heiss et al, 2002), and uPAR is 
indeed expressed on invasive cancer cells in gastric cancer (Alpizar-Alpizar et al, 2010). 
4. L1 Cell Adhesion Molecule (L1CAM) 
L1CAM (L1, CD171) is one of four single-pass trans-membrane proteins forming the group 
of L1CAM. L1 was first described in 1984 as a neural cell adhesion molecule distinct from 
the closely related N-CAM group of proteins (Faissner et al, 1984). The other three members 
of the L1CAM family are NrCAM, CHL1 and neurofascin. All four genes are thoroughly 
characterized and highly expressed in the nervous system (Chen & Zhou, 2010). The 
L1CAMs contain 6 immunoglobulin-like motifs and 4 or 5 fibronectin type III repeats. The 
Cytoplasmic domain allows binding to cytoskeletal ankyrin and ERM proteins (ezrin-
radixin-moesin) that associates with actin filaments (Bretscher et al, 2002). L1 is involved in 
cell-cell adhesion by homophilic interactions, cell-ECM interactions and cell surface 
interactions by binding integrins and can directly mediate cytoskeletal changes and signal 
transduction through its cytoplasmic domain (Chen & Zhou, 2010; Kadmon & Altevogt, 
1997; Schmid & Maness, 2008). L1 is highly expressed in normal and diseased brain, and 
plays a critical role for development and organization of neuronal cell groups (Demyanenko 
et al, 2001; Sakurai et al, 2001). L1 has functions overlapping with NrCAM identified in 
double-deficient mice that show postnatal lethality in contrast to the corresponding single 
deficient mice (Sakurai et al, 2001). L1 has been reported to mediate cell adhesion and 
transendothelial migration also of dendritic cells (Maddaluno et al, 2009). 
Expression of L1 in budding CRC cells has been shown both at the protein (Gavert et al, 
2005; Kajiwara et al, 2011) and the mRNA level (Kajiwara et al, 2011). Gavert et al (Gavert et 
al, 2005) found L1 positive budding cancer cells in 68% of 19 colon cancer cases studied.  
Kajiwara et al (Kajiwara et al, 2011) studied 275 cases of CRC and also found L1 expression 
at the invasive front. Furthermore the authors showed that the L1 expression increased 
according to the grade of tumor budding and that L1 expression was correlated with nodal 
involvement both at the protein and mRNA level. In normal colon mucosa, L1 is expressed 
on sporadic intramucosal nerve axons and L1 positive enteric nerve axons were found in the 
deeper layers of the bowel wall (Gavert et al, 2005). In fact, the authors also noted that L1-
positive colon cancer cells invaded along L1 positive nerve axons, and suggested that L1-
mediated adhesive interactions between the two cell populations may facilitate the invasion 
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of cancer cells. In this connection, it is curious that also uPAR can be found in enteric nerve 
bundles (Laerum et al, 2008). It is also interesting to note that L1 has been detected in human 
and murine myeloid and lymphoid cells (Ebeling et al, 1996; Kowitz et al, 1992) and that no 
L1 immunoreactivity has been reported in tumor stroma of the CRC. Whether the level of L1 
in these cells is below the detection limit, is lost by proteolytic shedding, transcriptional or 
translational downregulation (Hubbe et al, 1993) remains to be clarified.   
Proteolytic shedding of the L1 ectodomain has been reported to be performed by the 
disintegrin and metalloproteinases (ADAM) ADAM10 (Gutwein et al, 2003; Maretzky et al, 
2005; Mechtersheimer et al, 2001), ADAM17 (Maretzky et al, 2005), and plasmin 
(Mechtersheimer et al, 2001). Shedding of the L1 ectodomain will prevent cell-cell 
interactions and binding interactions with other cell surface proteins and matrix 
components affecting the biochemical functions of the protein. Cleavage of L1 by ADAM10 
releases an approximately 200kDa L1 fragment that can promote cell migration (Gutwein et 
al, 2003; Maretzky et al, 2005; Mechtersheimer et al, 2001). Similar activity was reported for 
the plasmin released L1 fragment (Mechtersheimer et al, 2001). In this connection it is 
important to note that ADAM10 immunoreactivity has been reported to be co-expressed in 
budding CRC cells (Gavert et al, 2005), and that cleavage can occur to an extent that a 
soluble L1 fragment can be measured in serum from cancer patients (Fogel et al, 2003). L1 
expression in budding CRC cells may therefore be involved in at least 3 different processes 
during CRC cell budding: detachment from the differentiated neoplastic glandular 
structures, cell-cell interactions with L1-positive nerve axons or dendritic cells as well as in 
the contribution to CRC cell migration upon extracellular enzymatic processing.  
5. Matrix Metalloproteinase 7 (MMP-7) 
A number of other genes have been found to be focally expressed in the budding colon 
cancer cells. I have already mentioned some of the MMPs in connection with Ln-2 
processing and plasmin-activated MMPs. MMP-7 (matrilysin-1) belongs to the group of 
matrix metalloproteinases (MMPs) (Das et al, 2003; Folgueras et al, 2004), which are zinc 
dependent endopeptidases known for their ability to cleave several ECM proteins. The 
activity of MMPs is regulated at the level of pro-MMP conversion and blocking by specific 
tissue inhibitors of metalloproteinases (TIMP) of which 4 are known (Nagase et al, 2006). 
MMP-7 can digest several ECM proteins including elastin, collagen IV and vitronectin (Ii et 
al, 2006). In addition, MMP7 has been shown to play important roles in the regulation of a 
variety of biochemical processes, such as the activation of MMP-2 and MMP-9 and shedding 
of Fas-ligand, pro-tumor necrosis factor-, and E-cadherin (Curino et al, 2004; Ii et al, 2006; 
Nagase et al, 2006). MMP-7 itself is activated by other endoproteinases including plasmin 
and trypsin. MMP-7 was recently shown to bind and cleave the Ln-3 chain. The cleaved 
Ln-3 fragments was found to mediate cell migration (Remy et al, 2006). MMP-7 
immunoreactivity has been reported in budding CRC cancer cells (Kurokawa et al, 2005; 
Masaki et al, 2001) and was found to co-localize with laminin-5 and Ln-3 chain in human 
xenografted colon tumors (Remy et al, 2006). In the relatively small prognostic study by 
Masaki et al (Masaki et al, 2001), including 38 patients with early CRC, scoring the MMP-7 
immunoreactive budding cancer cells was linked to distant metastasis and adverse outcome. 
However, MMP-7 immunoreactivity was seen in less than half of the cases with moderate to 
severe budding as determined on H&E stained sections, indicating that MMP-7 is not 
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consistently expressed in budding CRC. In a study of 494 CRC cases, MMP-7 mRNA was 
found to be an independent risk factor predicting nodal metastasis (Kurokawa et al, 2005). 
In the context of budding CRC cells, the ability of MMP-7 to shed E-cadherin and cleave the 
Ln-3 chain into a motility stimulating fragment suggest that MMP-7 takes part in the early 
steps involving detachment from the glandular structures and mobilizing cancer cell 
migration.  
6. Membrane Type-1 Matrix Metalloproteinase (MT1-MMP) 
MT1-MMP (MMP-14) immunoreactivity has also been demonstrated in budding CRC cells 
(Hlubek et al, 2004). MT1-MMP belongs to the group of membrane-bound MMPs and is a 
trans-membrane protein capable of cleaving fibrillar collagen. This MMP is essential for 
normal development (Holmbeck et al, 1999). MT1-MMP binds extracellular MMP-2 and 
TIMP-2 into a ternary complex that is important for the regulation of enzymatic activity on 
the cell surface (Sato & Takino, 2010; Strongin, 2010). The active enzyme can also cleave a 
number of other membrane-associated proteins including pro-tumor necrosis factor- and 
CD44 (Folgueras et al, 2004). Expression of MT1-MMP mRNA is prominent in colon cancer 
associated stroma (Okada et al, 1995). As also noted above for evaluation of uPAR 
expression, strong stromal MT1-MMP expression in the invasive front area will prevent 
unambiguous identification of the protein in budding cancer cells. Expression of MT1-MMP 
on the surface of budding CRC cells would allow significant surface associated proteolysis 
either directly or through activation of MMP-2, which together with TIMP-2 would be 
provided by adjacent stromal cells (Holten-Andersen et al, 2005; Okada et al, 1995; Poulsom 
et al, 1992). As already mentioned, MT1-MMP can cleave Ln-2 alone or in cooperation with 
MMP-2, which results in a Ln-2 fragment with capacity to stimulate migration (Koshikawa 
et al, 2005; Koshikawa et al, 2004). More immunohistochemical studies are needed to better 
clarify the expression patterns of MT1-MMP in budding CRC cells.  
The activities of the above mentioned proteins Ln-2, uPAR, L1, MMP-7 and MT1-MMP are 
all taking place on the cell surface and pericellular matrix. The following molecules will be 
related to intracellular acitivities. 
7. -catenin (Wnt pathway) 
-catenin is an important intracellular protein to consider in the characterization of budding 
CRC cells. Nuclear -catenin activates transcription of a number of genes including those 
encoding Ln-2, uPAR and MMP-7 (Brabletz et al, 2004; Crawford et al, 1999; Hlubek et al, 
2001; Mann et al, 1999). -catenin is a protein that binds the cytoplasmic domain of E-
cadherin and by concomitantly binding actin filaments contributes to maintain the 
cytoskeleton and the epithelial integrity. The intracellular localization of -catenin is linked 
to the status of Wnt activity directed through the trans-membrane receptor Frizzled. 
Cellular activation by Wnt cause trans-localization of -catenin to the nuclei, which through 
binding to transcription factors, affects transcription. -catenin is expressed both in the 
differentiated glandular structures and in the budding CRC cells, but the localization 
changes from cytoplasmic to nuclear. In the case of budding CRC cells, -catenin is seen in 
the nuclei (Brabletz et al, 2001; Brabletz et al, 2004; Gavert et al, 2005; Gavert et al, 2011; 
Hlubek et al, 2001; Jass et al, 2003). Translocation of -catenin to the nuclei has been used as 
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a reference marker for CRC cell budding to show co-expression of Ln-2 (Hlubek et al, 2001), 
L1 (Gavert et al, 2011), and disruption of E-cadherin (Brabletz et al, 2001). The EMT process 
and stem cell characteristics has been associated with the activity of -catenin in cooperation 
with TGF- (Brabletz et al, 2005; Fuxe et al, 2010). For a further discussion on signal 
transduction in budding CRC cells I suggest to consult the review by Prall (Prall, 2007). 
8. Hepatocyte growth factor activator inhibitor type 2-Related Small Peptide 
(H2RSP) 
An interesting novel protein identified to be specifically up-regulated in connection with 
CRC cell budding is hepatocyte growth factor activator inhibitor type 2-related small 
peptide (H2RSP) (Uchiyama et al, 2007). The H2RSP gene was first described in 2001 by Itoh 
et al (Itoh et al, 2001), who observed H2RSP expression in tissues obtained from the 
gastrointestinal tract. H2RSP protein, which is identical to immortalization-upregulated 
protein (IMUP-1), is a small protein constituting 106 amino acids. Its interaction partner(s) 
and function(s) remains to be established. An interaction with single stranded G-rich DNA 
probably via a lysine-rich domain of the protein was discussed to be involved in nuclear 
translocalization (Uchiyama et al, 2007). Uchiyama et al (Uchiyama et al, 2007) found by 
immunohistochemistry that H2RSP was located in the cytoplasm of normal un-
differentiated epithelial cells in the colon, but found a change in localization to the nuclei in 
the differentiated epithelial cells. The authors suggested that H2RSP is involved in the 
transition process from the proliferation phase to terminal differentiation of intestinal 
epithelium. Looking at colon tumors, they found H2RSP immunoreactivity to be fully lost in 
the central differentiated tumor areas, but focally upregulated in the invasive front, 
including in budding CRC cells. In these cells, the H2RSP staining was located in the 
cytoplasm. The expression of H2RSP coincided with nuclear localization of -catenin, focal 
co-expression of p16 and focal loss of proliferation marker Ki67. Thus, H2RSP, as confined 
to the epithelial cell population, is an interesting marker of budding CRC indicating a stage 
of dedifferentiation and growth arrest. A potential function in the related hepatocyte growth 
factor/scatter factor signaling pathway through Met receptor, which is taking place at the 
cell surface, seems unlikely so far. 
9. microRNA-21 (miR-21)  
MicroRNAs (miRNA) constitute a group of short, 18-23 base-pair long, non-coding RNAs. 
MiRNAs are processed from precursor RNA transcripts into mature active forms by a 
mechanism only partially understood. A generally accepted sequence of steps for the 
biochemical processing of precursor miRNA to the mature forms is known as the ‘‘linear” 
canonical pathway (Winter et al, 2009). MiRNAs have been found to play particular 
important roles in cell differentiation by negatively regulating translation (Calin & Croce, 
2009; Iorio & Croce, 2009; Lim et al, 2005; Liu & Olson, 2010). miRNAs bind to specific 
3’UTR sequences of mRNAs and thereby prevent efficient translation or mediate 
degradation of target mRNAs. For identification of miRNAs in tissue sections, in situ 
hybridization is an indispensable technique, which different from mRNA in situ 
hybridization cannot be replaced by immunohistochemistry. Specific detection of miRNA in 
situ therefore sets high requirements to the detection probes. Here LNA:DNA chimeric oligo 
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probes have shown to fulfill at least  some of the requirement for sufficient specificity and 
sensitivity (Jorgensen et al, 2010; Kloosterman et al, 2006). In an in situ hybridization study 
of miR-21 expression in stage II CRC, expression of miR-21 was seen in some budding CRC 
cell located at the invasive front of the tumors (Nielsen et al, 2011). A clear identification and 
quantitative estimation of the miR-21 positive budding cancer cells was however 
confounded by high miR-21 signal also in the tumor stroma. Therefore further studies are 
needed to better address the association of miR-21 to budding CRC cells, including double 
fluorescence labeling as also discussed above for uPAR. In this case, in situ hybridization 
and immunohistochemistry should be combined as exemplified by Sempere et al 
(Sempere et al, 2010), who applied this technology in routinely processed clinical paraffin 
samples.  
miR-21 is highly upregulated in CRC compared to normal colon tissue (Nielsen et al, 2011; 
Schetter et al, 2008) and high expression is linked to adverse outcome in stage II CRC 
(Nielsen et al, 2011; Schetter et al, 2008). The mechanisms of action of miR-21 in budding 
cancer cells and in cancer progression in general are unclear. In mice lacking miR-21 (Ma et 
al, 2011) the number of chemically induced skin tumors was significantly lower than in wild 
type mice. In keratinocytes from the miR-21 deficient mice, increased expression of SPRY1, 
PTEN and PDCD4 was found, which is consistent with findings of miR-21 target genes in 
different human cell lines: Spry1 in cardiac fibroblasts (Thum et al, 2008), the tumor 
suppressor Pten in hepatocytes and cardiac fibroblasts (Meng et al, 2007; Roy et al, 2009), 
and the tumor suppressor Pdcd4 in a variety of cell lines (Asangani et al, 2008; Talotta et al, 
2009). In budding CRC cells, miR-21 may suppress the expression level of PTEN and 
PDCD4 and thereby prevent cell death. miR-21 has also been attributed a central role in 
TGF- induced EMT (Zavadil et al, 2007). Whether these regulatory events occur at the 
invasive front and in budding cancer cells remain to be established. 
10. p16, Ki67 and cdx2 
In connection with the studies mentioned above a couple of other proteins have been 
reported to focally change expression pattern in the budding CRC cells. These include p16 
(Jass et al, 2003; Uchiyama et al, 2007) and cdx2 (Brabletz et al, 2004). The tumor suppressor 
p16 plays an important role in regulation of the cell cycle through interaction with p53 and 
as an inhibitor of cyclin dependent kinase 4 (CDK4). Both Uchiyama et al (Uchiyama et al, 
2007) and Jass et al (Jass et al, 2003) noted that p16 was strongly expressed as a cytoplasmic 
immunoreactivity in the budding CRC cells. The increased expression may block 
translocation of CDK4 to the nuclei and thereby increase cyclin D1 levels and reduce 
proliferation (Jass et al, 2003). In fact, the proliferation marker Ki67 is lost in budding CRC 
cells (Brabletz et al, 2001; Uchiyama et al, 2007). The homeobox Cdx2 encodes an intestine-
specific transcription factor and is considered a tumor suppressor. Cdx2 immunoreactivity 
was absent in budding CRC cells in contrast to nuclei-related staining in the more 
differentiated tumor areas (Brabletz et al, 2004). It is intriguing that p16 and Cdx2, as so-
called tumor suppressors, present themselves differently with respect to their presence in 
these highly malignant cells.  
Although positive markers of the budding CRC cells provide clues to a mechanistic 
interpretation, loss of expression or intracellular translocation may provide significant help 
to characterize the budding process as well. As a final comment, I would like to suggest 
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including the following 3 proteins as reference markers for the dedifferentiated budding 
CRC cells: Ln-2 giving a positive reaction in the cytoplasm, -catenin giving a positive 
reaction in the nuclei, and Ki67 being negative (in constrast to the neighboring cancer cells). 
These markers will complement each other sufficiently as a reference profile and well-
characterized antibodies are commercially available and applicable in paraffin embedded 
specimens. 
11. Conclusion 
A successful budding CRC cell encounters dramatic challenges during the short local 
expedition: dedifferentiation and detachment from the established differentiated glandular 
structure, migration through a foreign stromal tissue rich in inflammatory cells and 
desmoplastic cells, settlement in the new stromal environment and re-initiation of its own 
proliferation program. In this chapter I have reviewed current literature in order to compile 
the molecular traits linked to these cells and put the proteins’ function into the budding 
processes. I propose that budding-initiating factors, such as TGF- and Wnts, derived from 
in the stromal environment in the tumor periphery, and that the factors are received by 
cancer cells with progenitor capacity and which are able to address an activation program 
involving -catenin mediated dedifferentiation and migration. From the compiled data, the 
following sequence of steps could be anticipated: increased levels of ECM degrading 
proteases, mediated by uPAR/uPA and MT1-MMP/MMP2, and MMP7 taking care of E-
cadherin processing. The proliferation program is halted. This could be followed by a 
discrete EMT program, which transiently changes the morphology of the cells and allows 
detachment and budding. Upregulation and secretion of Ln-3 and Ln-2 and subsequent 
extracellular processing will result in strongly motility-inducing fragments that allow 
migration through the stromal tissue. At the same time L1 is introduced changing the 
preferred cellular interaction partners to neuronal axons and dendritic cells as well as 
introducing yet  other migration stimulating factors: the ADAM10 and plasmin processed 
L1 ectodoamins. Budding cancer cells invade as distant as possible into the stroma. One 
mechanism that could make the invasive cells stop and settle in the stromal environment 
could be a change in balance between active proteases and protease inhibitors, which may 
be shifted in favor of the inhibitors. Both PAI-1 and TIMPs are highly expressed in stromal 
cells at the invasive front (Holten-Andersen et al, 2005; Illemann et al, 2004; Poulsom et al, 
1992). Increased protease inhibitor levels would prevent the formation of migration 
stimulating laminin fragments and also the surface associated proteases needed for invasion 
through the ECM. After settlement the excess laminins will be deposited and may contribute 
to form a loose basement membrane for the cancer cell to stick to and polarize, L1 will again 
be replaced by E-cadherin and proliferation and differentiation programs are reinitiated. 
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